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IMPICS (Integrated Manufacturing Program Informa
tion and Control System), designed to provide timely
production information on complicated assemblies, is
based on the Navy-developed—

LINE-OF-BALANCE ALGORITHM,
WITH AUTOMATED OUTPUTS
by John G. Carlson

University of Southern California

and Charles A. Mitchell
North American Rockwell Corporation

production environment
in which a multitude of man
agement information is generated,
a decision maker easily recognizes
the need for exception information
and visibility—not more data. An
effective control system should be
directed toward providing an im
age of what is occurring and warn
ings as to what may occur in manu
facturing programs. In addition, the
system should permit a decision
maker to examine alternative solu
tions to production problems with
out disrupting existing activities.
The reports or displays generated
by the system provide an aware
ness of problems and also a means
of pretesting decisions.
The computer-aided production
information and control system to
be described is built on the line-ofbalance concepts for single or
multiproduct programs. It pro
vides a manager with status on
n any
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production programs which he has
not had before. This information
system and its reports assimilate
the complete planning information
and history of the purchasing and
manufacturing events that must oc
cur in order to complete a pro
gram. The system compiles what
must be accomplished with when
it must be accomplished and re
cords what is being done to comply
with the program plan.
The system described can more
easily be referenced by calling it
by an acronym such as IMPICS
(Integrated Manufacturing Pro
gram Information and Control Sys
tem ). The system does not neces
sarily solve problems, but it aids in
the recognition of possible problems
and identification of those problems
which are most critical. It enables
a decision maker to achieve better
balance of the resources required
to fulfill production commitments.

It is designed to provide responses
as of a given inquiry date to ques
tions such as:
• Have the fabrication, pur
chase, and assembly orders that
should have been initiated to
satisfy schedule requirements been
initiated?
• Are the order quantities suffi
cient to cover the schedule require
ments as of this inquiry date?
• Have any orders been received
short of the required quantity,
thereby leaving a void in future
item availability and end-item
coverage?

In essence, the manager would
find that IMPICS produces a com
plete recapitulation of a program
to date with the added ability of
testing alternatives and signaling
for exception decisions.
IMPICS provides a significantly
Management Adviser

more quantitative program status
visibility to a decision maker than
does line-of-balance and, in addi
tion, identifies specific needs for
action. In manufacturing programs
a manager is principally concern
ed with controlling the procure
ment, fabrication, or assembly of
high value, unique, and/or critical
parts. Therefore, IMPICS employs
the exception principle and de
velops close control over these
parts. It is assumed that normal in
ventory control procedures are
used to maintain the important and
timely availability for the stocked,
low value, or short lead time parts
—the so-called ‘C’ items.
The three principal integrated
subsystems of IMPICS are the item
and schedule information subsys
tem, end-item availability subsys
tem, and the reporting subsystems.
IMPICS creates and then re
trieves data from master files on
the parts, subassemblies, and as
semblies which comprise the final
product or end-item of a produc
tion program. The following are
the prime sources of these data
for the computer-based information
subsystem:

1. Assembly and/or Numeric
Parts Lists: The lists contain data
on the parts requirements per next
assembly and can be developed
by manually extracting the data
from drawings or using computer
ized bills-of-material processors.
(Item master and product structure
files.)
2. Job Plan or Setback Schedule:
The job plan or setback schedule
for a production program indicates
the time-based “gozinto” (goes in
to) relationships and lead time re
*
quirements of the parts, subassem
blies, and assemblies to be controll
ed. Lead time is defined as the time
interval between ordering and com
pletion or receipt. Setback would
be the sum of the lead times along
a part’s gozinto path to the top as
sembly or end-item.
*A “gozinto” or assembly chart shows
what “goes into” or makes up an assem
bly. The time base establishes when each
part goes into its next assembly.
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3. Inventory Control System:
Computer-based inventory control
system is utilized if inventory
transactions are transmitted in
proximity of real time.
4. Purchase and Work Order
File: All open and closed orders
for fabricated and purchased items
must also be maintained in prox
imity to real time.
The end-item availability sub
system computes the cumulative
end-item quantities or end-item
sets of parts which are required to
meet the delivery schedule.
The end-item availability sub
system uses the setbacks derived
from the job plan and the IMPICS
algorithm to compute the cumula
tive end-item requirements with re
spect to time. As of an inquiry
date, the cumulative end-item sets
for each part or assembly which
should have been ordered are com
puted relative to their respective
setback. Similarly, the cumulative
end-item sets which should have
been received in stores are com
puted based upon their setback.
The planned quantities are com
pared to actual quantities to de
termine part status information.
The reporting system of IMPICS
provides several different types of
management reports. Either tabular
or graphic displays of item status
information can easily be produced
with a computer. These reports can
present either comprehensive sta
tus data on all items or exception
data on only those items behind
schedule. Graphic reports and CRT
displays increase the effectiveness
of IMPICS to convey item status
information to a decision maker.
The basic elements and source
documents for IMPICS usually ex
ist already within a perpetual in
ventory control subsystem. The
IMPICS algorithm is relatively easy
to program and, if the input of
parts lists and inventory records
are on punched cards, magnetic
tapes, disk or drum storage units,
useful output is achievable from
the start. The inventory control
record for each part may require
some modification since it must

The reporting system of

IMPICS provides several

different types of manage
ment reports. Either tabular
or graphic displays of item

status information can easily

be produced with a com
puter. These reports can

present either comprehensive
status data on all items or

exception data on only those
items behind schedule.
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EXHIBIT I
INQUIRY

TRACE

contain cumulative data on quanti
ties ordered and received.
IMPICS, therefore, operates in
conjunction with the inventory con
trol system in a firm. Its reports are
G.
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generated at a frequency set by
the manager. Exception reports can
be produced daily, hourly, or, if
desired, instantly on remote, inter
active terminal displays. However,
it is important that the updating of
the individual inventory records be
accurate and as close to real time
as possible to avoid false indica
tions of trouble.
The line-of-balance control tech
nique was developed by the U.S.
Department of the Navy during
World War II for controlling per
formance against a production
plan. The technique is applied gra
phically through the use of a set
of charts, including:
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1. The Cumulative Delivery
Schedule or Objective Chart.
2. The Job Plan Chart,
which depicts the lead times
for selected key events in the
production sequence.
3. The
Progress
Chart,
showing the cumulative quan

PROGRAM

tities of material, parts, or sub
assemblies received. These are
depicted in terms of equivalent
end-item sets.
Exhibit 1, above, is a form
of the LOB charts. The algorithm
developed in the following section
is a mathematical representation of
logical extensions and modifications
of the LOB concepts. It can easily
be programed in BASIC, FOR
TRAN, RPG, COBOL, or other
computer languages.
The algorithm used is an iterative
computational procedure which
computes the cumulative quantity
of end-item sets required to meet
the delivery schedule as of any
specified inquiry date.
As in PERT and CPM, the pro
curement, fabrication, or assembly
of parts can be called activities.
Each activity in the acquisition of
an item has a beginning event,
namely ordering, and an ending
event, namely receipt or compleManagement Adviser

tion. The moment when a purchase
or manufacturing order should be
written can be referred to as the
“Start” day or week and the mo
ment when the item is to be avail
able for assembly into the next
higher level can be designated the
“Need” day or week.
A job plan or a setback chart for
a production program provides the
necessary information to classify
each part and assembly in two
ways—once by its “Start” week and
once by its “Need” week classifi
cation. These assemblies are even
tually “consumed” at a final as
sembly step which also should start
at a moment in time and is needed
for shipment at another referenced
moment in time.
Each item, classed by its “Start”
week and its “Need” week, is
grouped with all items in the same
classification. Therefore, each item
appears in two groups. As of an
inquiry date, the cumulative end
item sets which should have been
started (ordered) are computed for
each respective “Start” week class.
Similarly, the cumulative end-item
sets which should have been re
ceived are computed. These cumu
lative end-item requirements for
parts, when plotted against their
setback categories, produce the
planning line with its familiar star
shaped pattern. The algorithm
generates the equivalent of this
planning line. The actual cumula
tive coverage is then calculated and
can be plotted against this plan
ning line.
Exhibit 1 shows the graphi
cal development of an IMPICS
planning line using an inquiry date
which is three weeks prior to the
shipping of the first end-item. The
line is established in the following
step-by-step procedure and refer
enced elements in Exhibit 1.
a. The date of the shipment for
the first end-item is designated as
the Reference Time Line or Zero
Line.
b. A horizontal scale of weeks,
setback from the Reference Time
Line, is the next development. This
base line of the graph provides the
category identification for all of the
March-April, 1972

items referenced to the Reference
Time Line.
c. The “Start” and “Need” weeks
for the detail parts, subassemblies,
and top assembly (end-item) are
setback from the Reference Time
Line. For example, Part 134 be
longs to category B-21 for its
“Start” week and category C-14 for
its “Need” week.
d. The vertical scale of the De
livery Schedule is in terms of the
cumulative end-item deliveries.
The specific end-items are plotted
with the coordinates of the delivery
schedule and also referenced to the
Reference Time Line.
e. The vertical axis of the Plan
ning Line is also scaled in units of
cumulative end-item sets. For ex
ample, the delivery schedule and
setback times may show that a
quantity to satisfy three end-items
should have been started. If four
of a particular part are required
per end-item then 12 should have
been ordered.
f. The Planning Line is generat
ed by comparing the setback times
of the items with the available time
as of a chosen inquiry date. Both
the available time and setback time
are referenced to the common Ref
erence Time Line.
Using programing subscript no
tation, the planning line is defined
by the following expression:
Equation 1:
S(U,T) = W(U,T) = D(U) - T
where S(U,T) is available “Start”
setback time for the Uth end-item
at inquiry date T, and W(U,T)
is the available “Need” time for the
Uth end-item at inquiry date T,
and D(U) is the delivery week
scheduled for the Uth end-item.
For example, if the inquiry date is
three weeks before delivery of
End-Item 1, all items having less
than three weeks of “Start” week
setback need not have been order
ed as yet. Therefore, items with
less than three weeks’ scheduled
lead time are not of immediate con
cern. On the other hand, all items
having a “Start” week setback of
more than three weeks must have
been ordered in quantities to
satisfy at least the requirements of

End-Item 1. If this is not true then
End-Item 1 may miss its scheduled
delivery date.
The algorithm with its flowchart
is demonstrated in Exhibit 2, on
page 42. It is based upon satisfying
the following two conditions:
Equation 2:
[S(U, T)j = D(U) - T]
Bj
≤
for ordering
Equation 3:
[W(U, T)j = D(U) -T]≤Cj
for receipts
where Bj and Cj are the respective
“Start” and “Need” dates for partj.
The concept expressed in the above
is to determine the quantity of end
item sets—namely U—for which the
available time is less than or equal
to the required time.
Often it is possible to transform
a cumulative delivery schedule into
a mathematical model which shows
delivery date as a function of the
serialized end-item: D (U) = f(U).
This avoids the iterative routine
and allows for direct solution of
the cumulative end-item sets re
quired to satisfy a schedule.
In Exhibit 1, for example, the
cumulative delivery schedule in
terms of cumulative units can be
represented by the linear expres
sion: †
Equation 4:
D(U) = 3*(U-1)
for U = 1,2, ... 6
Mathematical relationships for
computing the required cumulative
order and receipt quantities of any
part in terms of the above shipping
schedule can easily be developed.
For example, the ordering relation
ship is found by substituting for
D(U) in Equation 2 and solving
for U. Thus:
Equation 5:
3*(U-1) - T
Bj and
≤
U = Xj
1 + (Bj + T)/3
where Xj represents the cumulative
quantity U of end-item sets of part
j which must be ordered as of time
† The general linear expression for the
delivery model would be D(U) = I*
(U-K) where I is the delivery interval
between end-items and K is the inter
cept at the Reference Time Line. Thus:
Xj
Integer of (K
(Bj
T)/I)
and Yj = Integer of (K + (Cj +
T)/I).
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EXHIBIT 2

----- Input total number of end items A,
inquiry week T, and delivery week
for each end item D(U).
Input part number P, its “Start
week B, and its “Need” week C.
Set U equal to total quantity of
end items in the program.

S(U,T)=D(U)-T
Uth end item.
setback.

----- —• Compute the time until
This is available

---- — Test if the available setback is less
than required.
If less, the whole
program’s worth of the part should
have been ordered.
If more, proceed
by computing the quantity of end item’s
worth which should have been ordered X.

With similar computations determine the
"Need” week requirements Y to meet
the delivery schedule.

Sample Computations for Part No. 125
Del.Date-D(6)=15, D(5)=12, etc.
Inq.Date T=-3, “Start" B=14, “Need" C=7

Is Available Time

Req'd Time?

Is S(U,T)=D(U)-T

B

?

U=6; S ( 6, - 3 )=15—(— 3)=18
4
14 No
Reduce U by 1
U=5; S (5, - 3)=12—(— 3)=15
4
14 No
Reduce U by 1
U=4; S(4,-3)=9-(-3)=12
4
14 Yes
x=4 Should have ordered 4 sets
Reduce U by 1

Is W(U,T)=D(U)-T

C

?

U=3; W(3,-3)=6-(-3)=9
4
7
No
Reduce U by 1
U=2; W(2,-3)=3-(-3)=6
4
7
Yes
Y=2 Should have received 2 sets
of Part No. 125

FLOWCHART & COMPUTATIONS OF TRACE ALGORITHM
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EXHIBIT 3
Total Part Status Report (Tab Format)

TOTAL

PART

REPORT

STATUS

(TAB FORMAT)

EXHIBIT 4
Total Part Status Report (Graphic Display)

TOTAL

March-April, 1972

PART

STATUS

REPORT

(GRAPHIC DISPLAY)
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EXHIBIT 5
Exception Part Status Report (Graphic Display)

EXCEPTION

PART

STATUS

REPORT

(GRAPHIC DISPLAY)

EXHIBIT 6
Detail Part

DETAIL

44

Status Report

PART

STATUS

REPORT
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T to meet the delivery schedule.
In like manner, the relationship for
the scheduled cumulative receipt
is:
Equation 6:
U = Yj≤1 + (Cj + T)/3
where Yj is the number of end-item
sets of part j required to be re
ceived as of time T. Using these
relationships at T = —3, X and Y
for Part 125 in Exhibit 1 are com
puted to be X125 = 4 and Y125 = 2.
The values are identical to those
found by using the iterative ap
proach in Exhibit 2.
The selection of the iterative or
mathematical approach to solve for
required end-item coverage de
pends upon the pattern of the cu
mulative end-item delivery sched
ule. If the delivery schedule can
not be represented by a relatively
simple model, than the iterative
approach should be used.

Output displays
The reports from IMPICS pro
vide the manager with a visible im
age of what is occurring and what
may occur in the production pro
grams. These reports contain status
information on all parts, subassem
blies, and assemblies which are
critical to the programs. The re
porting subsystem combines the
data from the time-based item in
formation and end-item availability
subsystems to produce these status
reports. From the item information
subsystem, the actual coverage of
each part going into its respective
end-item is developed from actual
order and receipt information. The
planned coverage of each part to
satisfy the end-item delivery sched
ule is computed using the IMPICS
algorithm. When these two cover
ages are compared, comprehensive
as well as exception status infor
mation is generated.
The information can be pre
sented in several possible sequen
ces. One sequence is to list the in
formation by part class, part num
ber, and project number in order
to clearly identify the associations
of the parts to the production pro
gram. Another sequence is to have
March-April, 1972

the parts in descending “Start”
week sequence, thereby calling at
tention to items with the longest
setback times. An example of this
is shown in Exhibit 3, on page 43.
For a multiproject report the se
quence would be by production
project number with minor sorts by
“Start” week or part number se
quence. There is usually a sufficient
requirement for different users to
produce the same information in
more than one sequence.
The reporting subsystems can be
split into two reporting levels. One
level would be the. Part- Status Re
port which shows both the ordered
and received end-item coverage
status for the various parts in a
production program. This can be
either a comprehensive report
showing all items in a program or
an exception report showing only
those items behind schedule. In Ex
hibit 3 the parts are listed in de
scending “Start” week sequence
from the manufacturing program
depicted in Exhibit 1. A manager
would be principally concerned
with those parts which have nega
tive status. The negative values in
dicate insufficient quantities of end
item sets required to meet the
planned delivery schedule. This
same information can have more
impact if displayed graphically as
shown in Exhibit 4, on page 43.
The manager can easily identify
those parts whose actual status is
less than the planned status and
take corrective action to maintain
the delivery schedule. An excep
tion report is used to show only
those parts shortages which may
disrupt the production schedule. As
before, the graphic format of this
exception report may be easier to
interpret and is shown in Exhibit 5,
on page 44.
The second level of reporting is
the Detail Part Status Report. In
this report, the basic data used to
produce the higher level report are
displayed. It shows more complete
information about delinquent parts
such as their work orders and pur
chase orders in addition to end
item coverage information. Exhibit
6, on page 44, shows an example

of this expediting document for
Part 126 which had been declared
delinquent in the higher level dis
plays.
IMPICS is an effective, integra
tive, and comprehensive informa
tion and control system. It provides
a manager with almost complete
visibility on the status of produc
tion programs at critical control
points. The system integrates the
information of subsystems often al
ready existing in companies. In ad
dition, an on line version permits
the decision maker to examine al
ternate situations and propose solu
tions to production problems with
out disrupting existing activities,
a “what if” simulator. With this
capability a manager can better
monitor and control the progress of
production programs.
The effectiveness of IMPICS in
helping to solve many production
scheduling problems depends upon
the validity and timeliness of data
input. The algorithms and concepts
are deceptively simple. However,
as many have discovered in com
puter-based inventory subsystems,
the integrity of the information is
a function of the understanding of
the people in the system. Some
form of IMPICS is inevitable in
many companies and when used
properly it will assist a firm in
meeting its delivery commitments
and better serving its customers, its
suppliers, and itself.
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